Asymptomatic excretion of Salmonella typhi in stools for greater than 1 year following an episode of acute typhoid fever occurs in approximately 3% of adults (9) . These asymptomatic chronic biliary carriers represent an important reservoir of S. typhi and have been responsible for outbreaks of acute typhoid fever (13) . Detection of carriers, therefore, is an important aspect of typhoid fever control. Bacteriological confirmation of the chronic carrier state requires either multiple stool cultures or cultures of bile or bile-stained duodenal fluid. These procedures are not amenable to largescale screening (6, 7, 10) . In addition, because chronic biliary carriers are often intermittent or light fecal S. typhi excreters, multiple bacteriological examinations are usually required to make a reliable diagnosis (3, 6, 10) . For these reasons, serological screening for the carrier state of S. typhi in areas of typhoid endemicity is preferable.
The passive hemagglutination assay (PHA) with Vi antigen from Citrobacterfreundii or S. typhi has been found to be both sensitive and specific for the screening of the chronic carrier state of S. typhi in endemic and nonendemic areas (8, 11) . However, for this assay it is required that test sera be preabsorbed with sheep erythrocytes, which is inconvenient for screening large populations. Attempts at using an enzyme-linked immunosorbent assay (ELISA) for the detection of the carrier state have been hampered by the poor binding of the Vi antigen to microtiter plates. Some researchers, using immune sera as the capture reagent for the Vi antigen, have had some success in detecting specific immunoglobulin G (IgG) (2, 5 Vi-Tyr antigen. Vi-Tyr polysaccharide has been described previously (12) . Briefly, tyramine (30 mg/ml) was added to 10 mg of Vi in the presence of carbodiimide and incubated at pH 4.9 to 5.1 for 3 h. The resultant reaction mixture was dialyzed and purified by gel exclusion through a G-100 Sephadex column (Pharmacia Fine Chemicals, Piscataway, N.J.).
Standardization of the Vi-Tyr ELISA. Serum samples from 16 known chronic typhoid carriers and from 6 healthy U.S. volunteers were used as the positive and negative reference sera, respectively, to establish a standard curve for each isotype-specific Vi-Tyr ELISA. These samples were assayed 12 different times at twofold dilutions, starting at 1:25 and ending at 1:3,200, by the following method. The wells of Immulon I (Dynatech Laboratories, Inc., Alexandcria, Va.) plates were incubated at 4°C overnight with 0.1-ml fractions of Vi-Tyr antigen in phosphate-buffered saline (PBS; pH 7.3). The wells were washed 5 times with PBS containing 0.05% Tween 20 (PBS-Tween) and then incubated at 37°C for 1 h with 0.1 ml of human serum diluted in PBS-Tween containing 1% nonimmune goat serum and 1% fetal bovine serum. The wells were then washed 5 times with PBS-Tween and incubated for 1 h at 37°C with heavy-chain-specific antibody to human IgG, IgM, and IgA conjugated to alkaline phosphatase (Kirkegaard and Perry, Gaithersberg, Md.) diluted in PBS-Tween. After the wells were washed, they were incubated at room temperature with 0.1 ml of pnitrophenyl phosphate (1 mg/ml) in 10% diethanolamine buffer (pH 9.8). The A405 was monitored.
Saturation kinetics with several serum samples with high titers, determined by PHA, were determined by using Vi-Tyr coating concentrations of 0.5, 1.0, and 2.0 ,ug/ml. The specificity of the goat antibody conjugates were examined with purified IgG, IgM fractions in serum, and IgA obtained from milk by filtration through a DEAE Biogel-A (Pharmacia) column.
The PHA was performed for each subject in each group by previously described methods (6) . A titer of .160 was considered to be indicative of the S. typhi carrier state. RESULTS Assay standardization. The absorbance of the pooled positive serum was determined as a function of the Tyr-Vi antigen coating concentration. Saturation kinetics were observed, and a coating concentration of 1 ,ug/ml was chosen. The pooled IgG fraction contained 1,450 mg of IgG per dl and less than 1 mg of IgM per dl. The pooled IgM fraction contained 140 mg of IgM per dl and less than 1 mg of IgG per dl. The IgA sample contained 35.5 mg of IgA per dl, and there was less than 1 mg of IgG and IgM per ml. The conjugates were shown to be isotype specific.
A standard curve for IgG-specific Vi with positive sera was linear for absorbance values ranging from 1.2 to 0.1 by using serum dilutions ranging from 1:50 to 1:800 (Fig. 1) being linear for absorbance values ranging from 0.9 to 0.14, with serum dilutions ranging from 1:50 to 1:400 (data not shown). An absorbance value of 0.15 was conservatively chosen as the cutoff value for a positive antibody titer since the pooled negative sera at a 1:50 dilution gave an optical density of 0.02 + 0.01.
Evaluation of the Vi-Tyr ELISA to detect S. typhi carriers. The results of the IgG Vi-Tyr-specific antibody titers in individuals with acute typhoid fever and S. typhi carriage and a healthy population are shown in Table 1 . Of the 51 chronic carriers tested, 44 (86%) had an IgG Vi-Tyr ELISA titer greater than or equal to 1:200. In contrast, only 12% of the patients with acute typhoid fever and none of the healthy U.S. volunteers had similar titers. An IgG titer of -1:200 significantly discriminated among chronic carriers, patients with acute typhoid fever, and a normal U.S. population (P < 0.00000001). An IgM-specific Vi titer of >100 was detected in 19 (37%) chronic carriers and in 3 (18%) patients with acute typhoid fever ( Table 2 ). The IgM Vi-Tyr ELISA was unable to discriminate between patients with acute typhoid fever and chronic carriers (P = 0.2) and did not increase the detection sensitivity of carriers of the IgG Vi-Tyr ELISA. Although Vi-Tyr-specific IgA was present in 37 (72%) of the chronic carriers, IgA was also detected in patients with acute typhoid fever (P = 0.2) ( of all three immunoglobulin classes were seen with equal but low frequency in the admission and follow-up serum samples obtained from patients with acute typhoid fever.
To assess the applicability of the IgG Vi-Tyr ELISA in a typhoid-endemic area, 141 Chilean female food handlers were screened by ELISA, PHA, and two coprocultures. Of these 141 women tested, 1 had an IgG ELISA titer of -200 and 2 women, one of whom also had a positive ELISA titer, had a PHA titer of .160 (Table 1) . Of these two women serologically identified as possible carriers, only the one woman who was positive by the Vi-Tyr IgG ELISA was confirmed to be a carrier by culture.
The sensitivity of the IgG Vi ELISA titer of .200 in screening for chronic S. typhi carriage, as determined by analyzing the results obtained with the 51 known chronic carriers, was 86% compared with 76% by PHA, using a titer of .160. The specificity of the IgG-specific Vi-Tyr ELISA in screening for chronic carriers when healthy U.S. volunteers and patients with acute typhoid fever were used was 95%, which was equal to that obtained by PHA.
DISCUSSION
Since humans are the only reservoir of S. typhi, the detection of carriers is necessary for the control of typhoid fever. In areas of typhoid endemicity, screening for chronic typhoid carriers by serological means is of practical importance since bacteriological screening is expensive and logistically difficult to perform. Vi-Tyr provides sufficient binding of the antigen for detection of Vi-specific antibodies by ELISA. Although our ELISA and PHA were comparable in terms of sensitivity and specificity, we found the IgGspecific Vi-Tyr ELISA to be superior to our previously reported PHA for the detection of S. typhi carriers in terms of rapidity and ease of performance (1, 12) . The ELISA 
